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(57) Abstract: 

A chemical mechanical polishing apparatus has a polishing pad (30), a 
carrier (70) to hold a substrate (10) against a first side of the polishing 
surface, and a motor coupled to at least one of the polishing pad (30) 
and carrier head (70) for generating relative motion therebetween. An 
eddy current monitoring system (40) is positioned to generate an 
alternating magnetic field in proximity to the substrate (10), an optical 
monitoring system (140) generates a light beam and detects 
reflections of the light beam from the substrate (10), and a controller 
(90) receives signals from the eddy current monitoring system (40) and 
the optical monitoring system (140). 
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&n y\A teR 1 3fl-^(30), fcej^ £21 4 1 ^ofl 7l^(io)# ir^i}7] ^ ?fle)o1(70), a A a 4 

°H ^cfl^°J £-§--§• ^JsM f| « feH' 5fl= (30)^ ?l)e1<H *I1H(70) ^ SrM- °W1 l^fe S-tH* 7>^)c)-. a)- 



H 3b 

"11^714- 

£ n-'s* %a\t= 7i Tii on cfl^- m tei-s* ^ 3-^-1- 



3 ^ £ #3HH^, ^ ^*}^ (filler , ayer )t- f^u, ^£t.v #oi u^e}^ «fl77H o] 43,4 

*<)*J4. °1^ *d<£%2] -§-7l€ sfl<d°l «a*M f-eKW. %m °1^, ^£#£1 -§-712 ah 

°)1 <eK £*d*2l "l<>r, l-e^a % e^d* ^^g^cfl on- o. 7i«- 4121 sis. 4°HM1 £^d A o lis-- 



svsv 7M| fsl^(CMP)^ 41*11 ^-8-slfe °1 ^£Sr ^U^H^ if- 7l^-o) 7fleHH- f- 

aJ-S * 0 ^sH SH^ t>4. 7l^sl t#£ si^rr 1-el^ r]±3. j4| = afe is 5i) = o)] cfl«fl ^ltj. 
l-el^ 1 aflHfe " £§(standard)" ^HolT^ JE^ <g D > sflHCnxed -abrasive pad)°J ^ ^cf. S§ BflHfe ifl^^ 
?afe 7i?l 7^)^- <S°f -°r^l D ll *ll (containment media) ^JHl ^1^1 ^Ife <&*}4 °j7r» 

Cf. ?flel<H *]1H^ *W 7>^t!r 7l^o)l ^1?^ 71^ lel^l nflco)] dlsfl ^^.cl.. 3))H7l- a>*^ 

< a«r < y4 ^ ^1<H£ *r»42l ^ Hj-o.^1 (chemically -reactive agent)* f-el^ 1 ^^Bl7l- fel^' Dfl= X-S 

°11 ^34. 



CMP21 ?}• 7M §-^1^, #21^1 HtiT=*\, ^ 7l^-#o) igftS ^ Jg^slSi^^ ?1^1 ^ 

Srfe °cf2l l-^o) 211 71 Si 53^*11- ^°1^. £^#°14 5.Hll-2l4'(M^ S°l ^llTl)^ 5]S ^^°1 

£°rl] ^ 5iCl-. "J-cflS, £^j#* °iDHel^(ui^ 3) 7l| ^71)^ ^71 tHS* ^ °a^. 7l^#fil ^7l 

#e^el iAj, f-e^Aj aflcoi 3.^^ iflcsi. ^cfl ^ 7l^-ofl2l sV^o) ^gj.^ §eiai ^c^eou ol 

s.7l^H AlLH ^ ojc}. ae^HS #sl>5) ^Hi<UH^ £^*1 fsl^J a^vsI frS^ l^sl<>lAife 

°d€^. 



tel^, 1 °J!Hi9jEi. ^^s>7l 41*11 ^Epd ^oflAi 7^* ^llTlsH 3A r sKr *o-a°l 514. 41* #<H 7]%& ± 
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3) 44 (metrology station) £.3. 4^42. 43M4 4*^4 4t »4 £3.43.44 (profilometer) 4 44 

4 (resistivity) #3°fl ^ ^1 ^ &4. IL^4fe ^34 4344 ^o.^, 7 ]Q& CMP 34°fi 7.H4444 

3. 4444. 4°fl 44 444 344 ££44 CMP 344 SL-l-g- 4444. 44 44, 4£4 44 #14 ^)^S] 

444 44°ii 21*11 4444 444 s*tii 



SL4 4-B°llfe. 4* 44 44 444 34-8"4 443. 44* 44^ £44% (in- situ monitoring) *H 143 *S 
= £4H4 3#44 5.3 514. *l)44 4# fc5°jE 3# 4££ 44, 44. #444 44£3, 44 EE^r 
f"4 4344 $14. J>44xr IV 7H 3# tt% vflofl 9fff-» t^J7 #^#6l ^TH^ofl of- ^S] 

44* *Mj4fc 344. 

CMP 44°I14 434fe 4* 5-*3.fc, 44#°ll ^#4 *4*l** 1434 «fl 71* £44 c)3 (dishing) 4 514. 

^^121^.5., °J4 44*4 2n*S)l3, *4*«* * Sfl^lol 434 44*4 -§-7]* ^£ A>o]«Hl 444 44* £41 

4344, 7]* S^ofl 41-4 (depression)* ^34 <r 44. 444 9J444 4#£ 3443. ^flS*fl 44 

44 #44 44. ^34 44-§- 4*4. 

4"34 3414 4-3 

* 4^4 4 43 £ 7m m £33 4#-tr smmt\7] m 514. 44 fe, 7m 4e°ii 444 ^ safe 24, 

*ll l 244 444 0.3 1444 *)1 1 a«H.:s4-f- -8-5142 7l* ^e<H) h4 4441 4344fe £4el)44, ft 
244 *fl 2 44 f-eflofl 7 D v 7 ] fe 4 2 32J# £444. *44fe 4 2 £«H 444££ 1444, *14fe *|| 2 2 

<y ft ^44*11 ^71 aj 0.3. 1444 13 4al 3344. 



°fl 5i4 ^* «H ^4^* ^l^s>£^- 2<Hfe siisi-oiE^ ^iis sH oi=.oi^ ^ o Z ^ n i i = 

71121 ^efl (prong) S °1# ^efl Afolsl ^ 514. ^ 1 1"^H1 7 ^ =r StU. ^1 2 S^i 

^ ^ 7flSl ^-Efl # 2jol£ 4421 1-elH 7^ ^ SUcf. 4 2 5L<U% ^7lfe f «S ^ 514. 7l* ft 

•& ^2i fEl^l ^s. sofl ^^i^ ^ i-ei^ 0 i 3fl-^ ft ^ 5i^4, soH <M^4fe *>•¥■ 

#2l 3joj£ <9JMItr ^fl (aperture) 4 t 5Z4. ^^El7> #^ ^ 514. 



^21 ^ si-si 7M1 l-el^J sa4. °1 l&l^ JflH, 7l*# #51^' ^sl ^1 i <a°fl cflsfl 4f 
4471 4$ ?fleH, 4fi- -i4. ft 3<>l£ 4421 #ej<j 5)1= ft 7)144 1^44 °1» 44°))4 ^fll^ 
# *^§447l 44 sell- £444. 4fl4fe 7]4 ft-& ^1 2 ■JH 444fe 4421 4^e1, 

4421 4^t-iofl ^ 7 ]^ O.S. £#si<H 2 <a 4°)1 4^-# -fr£43 ^4 44^* ^^4?lfe 54sfl°lEl, ft 3 
4£ 4421 -y^jeloil 1^4fe ^4?!* 2E444. 



4^-& 4 ell 4 43 ^ 44 4^-8- it4 ^ 5Z4. #e||«- (platen)* #5)^ 4h» 444 ^ Sis. ^<>li 44 
21 43eife f-efl* 4Y 4 421 4 q± (recess) 4<H] 44* 514. l-efl«-a- 444 =r 51^4. 44 ^^1fe #efl 
1- ft 4H1-421 4 44* 4344. 34£ 444 4^el7 r 7)* ^ofl 4^1^ afl sf^s."^^ 4 0^1. ^ afl 
#144. 4^il^fe #43 4^4 ^1 2 4°fl ^44 ^ 514. 143 ^fls-fe n ^| 1 4°flfe 4^*# £44 ^ 51 ^ ^ 

2 4°tife 44#(backing layer)# £44 =r 51^4. 44^fe 44*4 ^47> ^14^^s.4 44€ t 1 514. 44 

44 fe. #43 4h ifl 441^ 4^44 444fe ¥ 7fl4 t (poles) «■ 44 fe a4» £44 ^ 51^4. 44E 4 
44 4444 244 *fl 1 44 f-eW 444. 44 44 fe 24* £44 =r 512. 44£ 444 444fe 244 
4 1 4°fl 44 >H1 1 4444 244 4 2 4«H1 44 4 2 444* £44 4 514. 34 £4efl44fe H 1 24°fl 
4S.44 4«( *ll 1 24<>11 4445.S. 144 ^ 514. 34 ?flsfl44fe ^ 2 2<y°fl 444^3. 144 4 51 
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3. -»3 £3333£- 333 3.0] &3 afl ^3t# 3^351* 333 ^3^3 3513 ^ 

33. 33 33-(eddy current) 3333-33 #3 3£# 3HX3S 3^ *}-*| 7 y ^a]^v - 0},}. o] oj££o]E 3 
# 33fe 33 #3 A}±7l- ±3 333# £33fe 3* # 33 <?flH.23 = f- Al±§)-£^ ^1 ^ 



3* 333.3, 3- 3"3-8- #33 33 ^41 33 33 3H^3 ^» s.3333fe ^ofl 33 <r 33. 3 3 

3413-&. 333 #2p 0 l 33 afl 1 ^£ofl 333al. #33 33 7)3 33^3 2fl 2 #341 3*13 33333-3 2 
3 3333 3333. ol 471^ #33 3# 71*1 3333 3H*3 33"» 3"5i33. 3^* ^13 333 33 
3 23 7 r 333 333 3#33. 



£ ^yo. t }7] f> 33 Sife a 33* £33 =r 33. 41 1 i&33 i^eflolels. 3 l ^3^413 

3 33. 333 71-33 enH 33 &# afl oi *)] i ^$^7} ^3 ^3^3 ^ 33. 4] 2 233 3*11 23 37I 

33 333 =r 33. 41 2 23* 33333 333. 333 ^ 33. 3 1 23* 233 ^ 1 ^£ ^33 333 ^ 

SZfe 33, 41 2 23-8- 233 2)1 2 3-£ ^33 333 ^ 5A3. 3337V 713-H1 333 "|7> 333 ^ 33. 33 

3^r 4 1 3±°)1 216)1 ^ SUul, 23 333£33"3 2)1 2 3±3 333 ^ &3. 2)1 2 3±3 3#3 ^^7f 

333 4 s 33. 41 l 3x3 3 2 3x 33 333 333 333 *r A3. 



4# ^eUs-M. ^ 7141 1-el^o 1 HJ-'Si 333^f. °1 ^J£#* ^fe 7l^o] f^j ^2) 2)] i & 

fl*l«cr. ^2) 713 H Jdl^2] 2)] 2 ^<a°ll 3*13 ?l^ElS.-?-El H«1 7>7l^0l >S^33. °1 7f7l^ f 

21^ ^^r 71 *H <a^3<H 3£*«H1 3^-» -S-iW. #el^)^7i 3*11 71^3 t^^o 1 ^3«H1 ^rfl ^^o) 

^33. 33 M13 3^-3 333^1. 333 3^-71- °flH3L3S 3 § (endpoint criteria) * 33>i 41 t3 A o'°l ^3 
33. 

3-^3 ^*S-8r 33 ^3 # 33 £fe a oiaj.^ £ ^ - ^cf. <ai= £3B 3^^ 37)13 3i# 33333 3 
^ 3£3 3*3 5U3. 



3^ 33^3, ^ 33-8- ^3 33 #33 3341 3333. 333 33fe #33 3* 3* #33 3^3. #33 
3°ll 33 33-t- 333-fe 3333, #33 3h 3 333 «flH 33£ 333 3333 33 3^S33^ 
.2.33, ^3 s.333 33* 3^3. 333 3£# ^3 £333 33fe 33^ 333 3333. ^ 3i 
» 33333 33£ 333 3334] 3333 33 33H 333 33341 23-* -S-s.3^ 23 7>33# 333 

33- ii3. 33 33£ 333 3333 333 3333 h3 333# 333^ 33 A Jil 333fe 3413 
31- S33fe 33 33.3. 33 33- 3 33 33 33.3 3333 33 3£3 ^ 3±33 333* #33 

33 3h 33* 3E333. 



3- 333 33-8- 33 #3 ^ 33 a 3^ £ ^ ^ 33. 33£ 333 41 1 33B, 333 XOR 413s 
3 333 3 £333333-33 33 3i» 41 1 3 4] 2 333(square-wave) 3£3. 333 ^ 33. 3^3, 
333 XOR 33H7> 211 1 h 0 v^4 a] j^sq- 211 2 333 3£* 3^33 3 3 333 3JH- 333 ^ 33. 337 r 
33 41 3 333 321- , 33 *fl 1 3 4 2 333 3x33 33341 333fe 3## 3fe 33 3x3. 3333 <r 
33. 33 32 33.7> 33 33341 333fe ^3 33 # (duty cycle) # 5Hr 3 x» 333 33. 



3^- 333.3. 3- 33 33 #33 333 33 33 3£#3 ^41* £3333fe 333 33 33 ^ 33. 
3 3333, ^33 3 1 3x°il 3«fl 33# 333 23 333* 3333. 23 333-8- 3#3 3^*3 3*1- 
*£33. 23 3333 #33Ji 7>33# 333^ 41 2 3±7 r 3333. ^Hl 1 3 41 2 3±^ 3233 3* 33 
333* 333£* 33. 



- 4 - 



?7m*\ ^-2003-0001529 



21 ^ 2 *1*1€ °JejEl» °1 aflc ot3o|)<H # BflS- (platen) vfls^ X) i ?1)h]e] 

vfl°fl 3*11 4 s 5Ucf. 5.433 ^lfe #433h tel^o 1 ^21 7l# tVrfl^sj x] 2 *-^ofl 21*13 #3#7l# 
« ^ fli*. ^^l ^ ^#7lfe #el^i aflc o\q<q*\ fefl^ ifl°i ^ j ?flHlE j vflo,] fl*ii|7li4 *| 2 



^^3. %n SME-1% ^-*1SJ?.EI afl 2 4£7} ^Ajs]n 1> a o v 7 i j g »| 2 ojs.3to]E 71^1 tafH £ME^ 

§°1 afe afl 1 91 ^1 2 4!± ^ ol^ efM-oflAi <asa°lB 7l§o] nfl > §el^)ol 4. o^q. 71 

Xt« =r Xlal, A^7l SMEl^fil ^Tfl^ oje^V ^^o| ^jofl nfl^) ^ £^El^ # 

^ls-^si Aii^ jlMe1%«: £^e1% ^iS-^-Eisi aj^s aqti^g^ ^ s ^ ^ ^4 



q# *<a*M. «■ H J-^€r 71*^ =^ ^ ( met al layer)* Sl«l^ 7l7)|a} #El^^fe 7 }J&& *\) 1 

felAj ^(polishing rate) 5. afl 1 §ej^ iEfl°l^°lH afl 1 #2l^ ^«-S. #eH'£c}. ^1 1 f-el^ A-Eflol^oflAl 
21 f-ER'-S- 2f^- SMEi^ ^l^ E 3(eddy current monitoring system) S.S. 3-^%S)3., 7)^<^ A>^ 

« =^121 ^ #°1 ^trtl-fe 2f# S-MEl^ Al^E^ol q-Efifl^- ^-f 7l#£ XH 2 tBl^l iEflolAjo.s. £xgQ 

cf. 71^ ^1 1 teRi ^^iici-fe afl 2 i-sK' ^ts. afl 2 #&1^ iEfloiA^H 4 2 #ElAj 

Cr. i^E-1% Aligo. S ^) 2 1-El^l ^EflolAio))^ JE.ME|^S|fec11. ^ 1 7l^j ^(underlying layer)ol 

*4°)S. ^gqSLS. Jn#£lSiqfe 51* ^ SLMElig AliE^o] q-El-lflfe ^-f e|| tel^'o] 



«• ^^21 Aj Sj £ ^3. a^i ^g] g >L+ ^ a 3£ tt ^ £ 3^ ^ j 71^^ ^7ll#(barrier layer) ^ ^ 

71*^- ^ 3 fe]Aj itflo]Aio)i ^^s)e>i »| 3 §e)A 0 i ^o. s #51-^1 ^2. s)cf. *| 3 #e)Aj itfloiAi.HiAifii 
l-el^-g- ^1 2 2-MEi% Ai^eflo.5. 2.qEl%i ^£ sIji, a el a. * 2 7)^*«>l ^<H£ ^^^.s. i^slS^ 
fe 5!* 4 2 #*r SLuliHl} A]i^ol <4Ervfl^ #Bl^«>l ^£ 514. ^1 2 71^^*1 Tlfi) ^d^H^-S. t# 

€ nfl^H ^1 3 §el>a iEflojAi^A^ f-2Kl£ 7l|^l ^£ Sjcf. XI 1 7]7.]%o] 7]2\ nfl^H X) 

2 f-EjAj iEflolAj^A-lfil f-ElAloj 7)1^1 ^£ Sflcf. X] 2 lERl iEflo)Ajo(]Ai 7 1*# #el^^fe ^-fr Xl 2 fsl^J 
^Eflol^oflAiSl *H f-ElAja.4 ^o. -y-^ollAi^ 2:7] ^gjAj ^7))^ ^ £ oj^ 



q& £ 7l^s] =^ ^ ^Sf^l 7H)al ISlAj^ « 0 V«j.g. XlAltVc*. 71 XI 1 #SR1 
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4 i i-BpJ 4 l teW ^is tel-SS^. l f SI'S ^W^H3 aM^^ aj^ 

*$°3. 2-^m$3-, D.^3L 7l^ofl A}-*! #o] ^Htt^i ^ejo] M-^tflfe ^ 

SL^n^^JL, 4 1 7]*\%o] qo\s. JjL«*j 0.3. «t#«tfcH %n £u)E^ Al^o) ufefifl^- ^-f #ep 0 lo) 



£ ^*J£ 4# ^ £fe ^ °1^# ^£ Sl^. ^1 1 ?H#£ 3*1 ^2 

*fl 2 #e]^ iEfloHdofl *fl 2 IhK 1 #2-3. $341 t£ 58*+. 2 iEfl°l 2} i^Aj o. ^ 

2 e]^ A]^6j o. s 5.^^ ^ £ ae|ji ^1 2 7l^%o) ^<H£ o. £ 4 2 %n 3. 

He^ 4*}^ ^3-9-^1 leRH =r£ 7l** 4 3 t^J ^HAi°fl *dtsH ^ ^(bu 

fflng surface)^ t^H ^2 91^. 4 2 ^0)^0^ s} fce)^ a)] j 7|^^o| 7]Sl #4*\°-2. ^#1 



^3*1M. £ tt»S* 7l#°i *1] 1 #34 ^23- f-epjsm 7l#4°l ^ 7]m 

4* 2^33 Ai^eflo) u}eH^ 3¥ #34 ^ E7 > 7^^^. #34£ 2^3^ a)>^io ;=l jjll^sU, a 
eU 7]^^o| *H5L¥£3il5L %n 2M3^ *\^°\ 43-Ml^ #34 °1 



£ ^Ajo,!^ 7HrtV 431-8: cf-g- f s] §K 2i£ a o]a^ £ ^ - £ 5^ ^ * o. |ej^i^ ^ 
?>. ?fla)°1 «H^°fl 2l*H °j7l-sm <a-^ =5.^01 £^£l«H -frtJ l--^^ ¥11 ^ *-5<a lel-S 

ol.tsR 1 2Mel^ Ai^^^^el^' ^^l7^#el>a ^"l&H-i^^^^l^^l^t^Sl^. i»*^.fel^ 

a>-§-« ^£ ^cf. t2l^€r i^'StS. ^<a-€ ^ SZcf. cl^ (dishing)^ ^^(erosion)^ ^°1 £«1 tel^J ^ «cj 

^£ SI<H. ^ *iel^-§- 7«Ait ^ 



£ l^r S^2) 7l7il^ #21^1 ^-^|fi] ^71)^ ClWy Aj-Alif- £Al§} 2 , 
i 2^ 711 *llH2l c]l^^ol £AlS}j7 f 

S. 3afe 2.qel^ Ai^ej ^ ^ A|iE Si . 7)?%% ^EiloiAjol J?.ftaj 0.5. ^ 

^Aj^) cfl^^O] SAISVJL, 

£ 3b^ £ 3a2l iEflolAjo. S H.E] ^Efll-Sl rflefajo] 5§^£1- SAlS^a, 

£ 4fe 4# 2MEl^ A)ie,i)sl nfl^a}°] SA1S1-JL, 

£ 5£ ^ SL^^ Al^E^o)] s^sH ^3*r 471^* ^Mlfe cfl^^<y SAlSfji, 

£ 6^" iSA^H-El 5L°)e\ Cfl§f^?I A}Al£l- SAj^Jl, 
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£ 7a MM £ 7dfe 4* 4!H* 4**r^ «U.£°lH ^1 tfSi* £7>1*U, 

£ 8* 4* £^3^ ^ejo.s.JjLEl gq. Eefloj^s. u)-E}vflfe neflH* ^^jI. 

£ 9a « £ 9bfe 4* JZ.«-|iH«8 Al^E^sj tfl^o) Sls.£» £a1*|-jI, 

£ 10* 3r* SLM3$ Aj^ej o.5.«Ej ^o] Ejjo|A| i^Eftfl^ ZLEfl** £Al*|-jl, 

£ 11* %nsL*Am *)±.q°3,*M ;j!*seti°li* q-^xflfeazfl = l- £Al*U, 

£ 12^ #* *eH'*Kr #fi* £*l*rfc **£°]Jl, 

£ 13^& 5^ #* #*WHr tflojajo] Uo v^^. q-EHfe **£°U. 

£ 14fe 4* a^J* S}-^ 7]7fl^ #81-8 i«M£S| ^-g^ ^^o] $43 cW?l IT- 

'S £* £AlsVi, 

£ 15a Ul*l £ 15b^r leR 1 3fl£2l cfl^«?l %*35=f- £Aj#i}. 

£ 1* #2l*H, «m Hfe a ol^vs] 7l*(l0)°l CMP #*1(20)<H] feK 1 ! <r Stlcf. *4* #3 -8 #*1(2 

0)21 ^* D l^ **1 £± *1 5.738.5744M |to> § ^ 5^0)], ojs] «34Hfe o^m ojgy * 

#e) A J #*l(20)*r *2l A J ^Efl°)Ai(22a, 22b, 5 22c) £ ieflo)^ ( 23 )^- £**c}. 3* iffl 

°)4l(23)* *»eW *il£4 S3 #*1 4°H1^ 71** 3^*1}. 



fe]^J ±ElH4j* 2)2 71-^t.V *2fl*(rotatable platen, 24)* i**rTr*H. #efl^4|fc #3 

JflS.(30)7> «)1*1€4. *H 1 ^Efl°lAi(22a) « all 2 ^IM^ (22b)* ifl^S| ^S^* ?«n*rfc t°l * 7fl 
°J *2l^ Bfl£ £^ °ll < a€ <a^» -?«l*Rr al'S -p>SL^ nfl£-» ^JE 3* *3 A J ±El)°)*i(2 

2c )* HlHaj £* sfl£ SEfe #0] * 7)1 ^1 sfl£# £** =r aW. 4^21 $34 iEflolAj o. f-ejA) afltzcq 2:£-§- 
**1*H 3:4^-5-5. 71** #5K'Sr£* JflH ?icl^u-l ^1(28)» ^r£ 5U4. 



£ 3a* ¥ 7H°J *el A J ^£(30)fe *^a} o. S (backing layer. 32)* ^«l5rfecfl, o] u||g$. 

* *e«€-(24)Sl ^ a 711 # (covering layer, 24)4 Q^JL, °1 §71)^* 7l*(i 0 )* fel^^feisfl a>*^}4. g 
711 ^(34)* «fl^(32)iLCr *^^1^S **5 r cf. *r^l*. 3fl£** S7l|*** ^«1§U "H^** ^Wr 
^1 ^^4. a 7l| #(34)* 7>^-5f7ll^ %-#43- ^* "14: ^S)l (hollow microspheres) ^/afe £-*^l S^2r ^o] 
>&3.$7]^ *2l*efl*(polyurethane)^-S. ^« Si^f. «)1^#(32)* *efl*( uret hane)^5. 2l^*( 

leached) tt^ ^ * (compressed felt nbers)S ^€ =r Sl^r. IC- 1000^-S. ^7fl # ^ SUB A -AS. 

«l|^f'«.S °1^<H?1 7flt! *El^J BflHfe c |5t?lH ^f«H3(Newark, Delaware)^ ±7)1* Rodel, Inc. 

SJr-El •a^ 7>^«rtKEC- 1000 ^ SUBA - 4fe Rodel, Inc.^l ^*^<>14.). 



*el^J *fll *°v>. «?*fl H* *<>1, *^ *el A J (oxide polishing)* t<>l (deionized water)) U A pH °]S.z\^ 
(pH adjuster) («|f *<H. ^ *^ A o 1 * 'r*^ (potassium hydroxide))* 3L** r fe *e1&l (38)^ *e1el * 
^ IE £^ *e1el/^i ol-°J-(39) < Hl 2)*H #sR' 2fl£(30)2l ft^°fl ^ Slcf. *£)^ sl|£(30)7r *^ ^ 

£tl *£lHl(38)fe t.fa.^ oj^ (ofll . s.^ av^ fEl^i* oIav^ Ajel^( si i icon dioxide))* 5L*§ ^£ Si 
4. 
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S. IS #444, ttf?.iQ£. 444(roastable multi - head carousel, 60)4 Ml 7fl2l JflsH *I)S(70) 

# *1*)44. 4414 <r4) £i^(62)« #*W 441 *(64)-fr f4)°S. 441 WW (S.*\ s] 

*W 3)*JS)<4 *B4°1 A)>1«4 #3H*]9]5L =LB\JL #8)4 :iMM4(22) ^ 34 ^)M4(23) 4°H 444 

7] 4£ 43444. ^1 ^flsq ?fle1<H «fl= Ai^e 5 o. 7 ]$$ ^t}jL 4444 °li-§- #2l*J sfl^l cfl^H 71-44.2. 

o]^^. #2^44. th€. 4 m m°\ *ns 4^<a ^ 7i^# ^4 ^Ei)oi>a(23)^s.^Ei 444:2 34 ±n 

°14(23) °-3. 7]*# 4444. 



4421 ?lle)<H *l)s.(70)fe tIIbH s4°m 4=£(74)°fl ?HbW *))s 34 jz.e| (76) (S?)) (68)2] 1/4* *)1 
£44)°)1 <34£|<4 44^ 7fl2W 4421 ^-§- f-y 0.3. 433 3*14 4 $a4. I147h 4421 
?I)eH al|= (70) ?HM£ 44 i-ell 0 lB(66)^l ^3 43 44 #4(72)°)14 "IS- 4444. 3^4 
TfleH S11S(70)2] 7l#^- 1999^ 12-i 23U4 20004 3*1 27^^ #44 D 14 4*1 #4 4^ *)1 09/470,82031 
°A 09/535.575*114 #4* 4 SafeMI. °lf:4 #313.4 4444. 44 4 41. #efl^-& a f-g ^(25)* §"9.2.3. 3) 
neU *flBj<H Sflsfe a 44J^(7i)-t- ^4-2.3. 3)44:2 f 34 sflse] «j 0.3. 7}3.^z] 44 

44. 



#^ «8AH°1I4 4^411 £ 241 £44 44 4°), 41434 n$o] s|)c (70) - e}^-^(202), »)M^ 
2.^1(204), 0H1°1^ 2.^1 (204)2] ^434 :*3« ^ 5^)3*4^(206). 3.»3 ^(208), 44 %(210).3{ 
444 44 (236). 444 44 fl«H (234). $ 2]^ *M (238)4 44 3 7fl 21 7\<$7\tt £44fe 71* 

44 2.U31 (2 12)4 £444 V. 471 2.*$ ^Bl(208)fe 444 (202)4 *Hl°li 2H*ll(204) 4°H1 fl*^ 0 ! 4^ 
* 71-4 Jl 2:^^)1(204)21 44 ^1H44. *)) 1 43 2:471 (HAl f-S.(232)°ll 21SI1 3.% 

o\) 4*11 s«3 ^Hisi oj-^jq. q ]0 )± s^sfl (204)21 ^ 4| All- ^H44. 



714^4 2:^41 (212)fe7>i^ vfl^- 4(216), 7K8.Aj 51^- 4(218), tflJ?- ^1^1 T l d£l-(220). 4-¥-44 ^2,#(2 
30). ^ i^|«>H 3(222) $ *!■¥. ^5ll 0 l^ SJ(232)-IV 5L444. 7>A^ s]^- 4(216)^ 4^* *H45-# 
<H1 4fe (10)0(1 7>4fe ^44# 5444. M14 1-^(244)^1 2i*fl ^4sl<H safe Ml 4 4(216)4 «1M^ 2^ 
^1 (204) 4°l2l 7 ^ 44^1 44 ^sl (234)* ^I*ft4. Ml 4 (244)4 214 *fl (246)"* sl«fl 

^451^ 4fe M14 4(216)4 Hfl 0 li 2:^^)1(204) 4°l2l ^1^4 7l-«^ 7^=} «-Aj-^j Aj-« SBBl (236)» 

44. M14 4(216)4 214 4(218) 4°l2l U44 ^1144 7><y-7 r ¥4 214 ^»1(238)1- ^444. 3 7flfil 4^ 24 
7l(J£4##)fe 44^1 44 «tfl(234). 44^1 44 ^«1(236) ^ «!■¥■ ^«1(238)<H1 4^4«lS ^144. 444. 
4^4 44 -JM17} 4421 %*\<* 4# £fe 4°J4 4 sa£4 4^1 4 sa4. 



44*1 44 ^»1 (236). 44*1 44 (234) ^ «!■¥• ^ul (238)M142l 4^* 244^5.^1 sl4 4(218)21 4 
4^°)1 Ml* M14 4(216)21 4^4 ^4 ^^4 *M44. °\)^°]. 44^ 44 «»H (236)2) 4*(l# 2145. ^^§4 
o.s«il M14 4(216)2) *\]x}7}3)!?- 4(2i8)^-S4el #<H#3j4,M14 44 214 4 4°121 3^*894 ^4 4^ 
(DJ1- 4±a]7Jc1-. ^o.s, 44*1 44 fl>H (236)21 4^)1* M14S. ^^§^±S.^ Ml 4 4(216)21 <Hl^l7f 21-?- s}( 
218)4°.^. 444^ ^4 4^(D C )°1 471-44. £4, 4*fl* 44*1 44 «»H*234)sl msj^-s. ^ 

21^- 4(2i8)ofl cfl* ifljf 4(216)21 4^°1 ^)Hsl4, ?fle1<H «flS7 r 444 'g^si a M1421 4 
^4 ^Hsl^l 4fe4. 



£ 3a ^ £ 3b* 4244 EW^(26)7r 4 efl ^ (24) Ml 4°1| ^44°! 4^44(36)^1 sl^i fl«fl sfl 
S(30)M1<H1 ^^44. 4^(26)4 4f 44(36)4 ?ll2lH *fls2i ^4 4144 444t!) #efl«-2i 2)^21 f> 
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»l| 7)* o>2| (10)* f-4«|-H^- 3333. 133 3flH(32)7> 2 #3 Bfli=32 7>3S>3, * 3 £(32)3 3*» *)13 
*U ^-33 l-eia(36)» 33 #(34) ^#<H1 333.°-3.3 &* sflH *3(36)3 73 3 ^ 33. *3a(36)* 41 
#*3 #3*1 §W 3fe 333 £^r3 #bJH £fe #3*3)33 4* 33. 333.2.3.. f-33 **(36)3 

*»s.fc 3 - 33 51 3 - 3^3333 33. 



£ 3a 3 £4* 3^33, 1 #33 ^333(22a)* 3-3^ 3"!r 5-33*3 3^3(40)3 33^33^ 3^3 

(140)* £333. 3-ff- .2.33% 3^(40)3 33-2.33% 3i 6 3(i40)* #33 -?3 *W 3 3^£3h 3# 

*)*qo.3.*\s\ 33* 3 ^ 33. * 2 #33 ^«i-a(22b) s 3* SSI'S ^h^ (22c) * s* 33 s-nm 

3^'* £3333. 3* *33% 3^* 5>u)-Sj iBfloj-833 *7}S. 233 *r 33. 



3* S33% 3^ E 3(40)* 333 #Lfl3 3*» *£3* *# 3^,3(48)3 33 ?# 2]3fl ^ 

#HH *5L3 33* 3 #3* 33 Al^Efl (58) ^ £333. 5.33% 3i e J(40)* 3*fl 5]33fe 

3^(26) 333 23, 23(42)3 3 **°ll 33 ?# 23(44), 3 23(42)3 3* -f^l 33 #3 

23(46)* £333. *# 3^*3 (48) #5.3., 533% 3^(40)* 23(44)°)) 333 5.33133 (50) » 
£333. 33 3^ (58) #5.3., 5.33% (40)* 33 23(46H *§!3 ^!*3 3 3 3 3 (52) . 33 23 

(46)°J1 333 RF##7l(54). 3 335=(56)f- £333. 5.3 efl 3 3 (50) , ?)) ail 3 3 (52) , RF ##3(54), 3 3 
fell* (24)5.5.* 3 333 ^^11 ^ 3.03 33 33 *3*(29)* #*ti #e)l* M)3 735-£3 3*3 

* 33. 



£ 5* 3^33, 3#3 5.33)33(50)* 23(44)* *#33 23(42)3 #*))» -fsfl 2^3] ^ 7)13 ^(4 
2a.42b) *\*]3. <&%^S= ^7]^(48)# ^^l^Jcf. aj<H£ 471^(48)3 f b]^) nflJEL (30)3 S)=^ 

(36)* f-sf) 71^(10) vfl^-o.S. 05^4. ^^#(12)°l 7l« ^oll $^))S>^, 7j-7l^-(48)-a- #(12) vfl<Hl 
3^-« sHf-fe ^ #(12)°1 2<y(46) £ ?fl3ll^)El(52)4 ^ J*|^i 4i5.iS.Ai2] ««h-§- 

sl-Tfl ttcf. ^^s] ^17> 3333^ °d33ii 333<H 71^3 #-^3(0 -factor) 3 33*^efl33-. 

71^3 #.^33 33* ^tt«s^, 3# 3^ ^)7l3 ^ #(12)3 =11 3^» 

7 J-^133. 



£ 6* #£S>3, 2<>1(42)^ fe* ¥4*(^H"&^. 3 2500)* Sfe «13£^ 7flS.S *^l<a ^ 

Sflcf. ^1. 2<H(42)fe 5fl3°lH<a ^ s>43 ^H^-H. ¥ 7113 ^(42a, 42b)* 3 0.6 3*1 <I<H*i 51^-3. 
2^3 0.6 3*13 ii3» 7^13.2^3 ^33* #3°1 3 0.2 3*13 ^ u o v *il°13. 



3-^1^- 3^- £33^ *li E 5(40)* 3 50kHz MW 3 i0Mlfc3 ^3^* ^€3. «9##3, 
7 J"3 2^(46)* 3 0.3 ifl3 30y H3 333^* 7>^ ^ Jjo.3 ?H3fl^l3 (52)ir 3 0.2 vfl3 20nF3 33M3^» 
71-3 33. ^# S3* £33133.51*33 ** 3s* #S33£* 3313 * 33. <-)]»!- 3, £3^11337? ^ 
* 333 ^-* 333^1- 7>333, ** 23* ^* 333i# 33 «5 33 3^r(tum)3* 7>3 =r 

33. 3* 335.S.. 5.3efl337> fe* 333- fe* 333^# 71-333, *# 2<y* 333 °J33^» 
33 A3- S* 33 3^1- 7f3 ^ 33. 



333 33°il 0 fl3, 33 23(46)* 233 333 *3-¥-£ ^3°ll 933 33* 71-33 t 1 * 23(44)* a33 
ufloii ^3oj| 233 33* 71-33 £3e»33* 3 0.1 M13 5.0 V3 33s 23(44)* ^#333. S£3, 3 
33 33°W3. 33 23(46)* 3 2.8n h3 333^1- 71-33, ?H3I33 (52)^ 3 2.2nF3 33)133i» 7H3. 
^3 ^3^* 3 2Mlb33. 3* 33^1<H13. 33 23* 3 3u H3 333^« 7>33 3^33^(52)* 3 400nF 
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HlV^o.S., #51^ ofltf 3,7) !f.v\}7\ ^4^£- #4. ajU-i-ol, ^f-f-o] 2 0 

*r $14. 4# $€.2.3.. tf#*l 20000AS) 3-f°i ^mWf!^ ojei^i^ ^cj- S ) ^o. 

ofl**<H 4 50kHz2l ^4^* =r 5U4. ^14. ^4*rte S #°fl «l3i*l °<f 

£4*1 Sl4. ^J»Hr(2Mk ojAj-)^. ? ^o] «])H2] §4* ^-^IrS^E^ oj. ±.g. (backgroun 

d noise)-!" #±*\?]$=n 4-§-€ 5U4. 



^,£3a,£4SE 7a» f-eK 1 -!- «?Hfl*M °1*H1 i^eflojE] ( 50 )fe °J2] 7)#S) £7flSi°l LC 33 

si -S 1 ^ ^4^3 33€4. °leR> ^ ^4^-& rf ^7i (54)s-¥-Eiai #e] a|tfls $4. 



£ 7b ^ £ 8<Hl £a]$ 44 £°1, tel^J 7l#(10)-fr t^H' 2flE(30)4 ^^^Tfl ^°]4. 7|4(10) 

£ ^el^ *M4(12) ^ #(16)-!- =r Sfl.2.4. ^7| *j£Aj * o. lV£sfl g:w ^c^joj - fl- 

44 <!■■¥■ #(14) *W »J«s)fe f-4 ^ #»14. ElEBr £te ^4 &14ir4 qo)6\ 

8)* 4-^ *?1«0S^E1 $7] ^4;- &m <r St! 4. ^€44 44 ##£ ^1»*<H 4°H^, SHE. 5 °JE]^ 
H4 ^ 31 *1 (features)* £44 ^ 5S4. #3l-S **1 «=H1 ?144 £4 #(16)°1 3:7H^ 44*1 ^^31 
*MS.S. ^ 7-1^ 7HH 7^ $sis$ *o)l $43 ^ Jfltf. afSf gol f s^^^ ^ a oj ( 

46) 51 *tM*\m52)$ ^*I«H oJal'Si iii^S) qtg^ ^^i, ^£aj Jgf.(i6)°l ^7fls^ ^ 

Ai 3)5.21 ^ . SjEH- ^Al^l RF ^7] (56)S^-Elfil A|i 37]^ a o v^1 



£ 7c £ 8# ^-a*)-^, 7l^-(i0)°l te)AjS)^ *(16)2l ^3. &o\&t\. s.£ #(16)°1 °J=°M 

a1o]e 7-js^ol ^7>£l^ =4? % iflfil fil-^7} hJ-BH, #(16)4 49-H 2U(58) *M^I 5H#%* 

7 ^±€4(^, ^^1 °j3l'a^ dtiiS) ^*J-1- ^7>A17J4). Tll-^ol 7j ±i }#Aj AjlA^ S)S(58)2l - ^ ^ 7> ^2fl & 

£ 7d ^ £ 8# ^-ss>^, 0.5. #(16)21 <ga -?-S- 0 l ^l^sl<H s«f!*l-€ #(14) 40)21 

ifl*ll 0 jEi^^H(l6')* ^ 7 1^I €4. «>lei«- ^l^ 0 )!^, "3^ is 4^ Ht^iS 7^ *fl£] 

^ -jflAi S|s (58) *}o)s) 3)±SV€4. ^SSl (7l«o] ^«|a|o.a Si* «H2l 



^ol, #3 -t!:M #^«>1 Oj 0]^ ^7>*M ^Jl e)l»S i= (4##<H S.^ tBfl£;!ocal P lateau)°11 £^5}^ ^ 
^^ti (90) fe- t^ A o' <aHX°jSl- ^ 5U4. °14fe tel. sVM- ol^si Efl >,E i-sl 

f^Aj 71 Til 3] ^ #21 ^^1 t^rS-Ai #^ Al^sl 3^1- ^ ojuf tcfel-A^ «1e£o]e 

^#71^ ^ #S1 43 ^17} 71^1 nfl #5]Aj^. ^c]. ^ ^^El(90)^ ^^-7|ig.Jf S) #^ Aj 

S7V ±^ 3MN CB-S-S}fe °j7ilAl» S^Vfe Aj^oflAi ojEIojEf ^ 5U4. ^5}, 4^- S-M^ 

% Al^Efl £ S-eKI ^4,21 ^S>» A>^ ^ $i4. <4*1-<H, SMEl^ A|^eflol a-elAj 27i^- "11 

cmp 31 Ajejs. tfsl2;s.-?-El Ai Ajajs trEle]a)#e^si ^^a^j ^ ^ *jah 

SAi, ^#s>fe h>21- CMP ?fleH «flH*| 0 J7>€ -U-^ <T 5U4. 



£ 9a* 371 ^S^Sl 7^1 olsl<H)£ sf^- aq&l^ A]^ej o. 7 j.^ )€ ^a^s] <ft^ #<#^ ^i}7] 

fltf ^fl 40-H(94)# 514. #°1 #2liJSl«>H 7 ^1€ 5.^5^1^ (50) S^fil 

^ ^1^4 4S*H ^>S44. °l^t.v fl^*>fe #21 *MN iL>as ^ $i4. 



- 10 - 



^?H^ 42003-0001529 



44 £433 Aj^^Sl H7lSf 34 43 J?-£f-o|| *)AH7} £ 9 b o)l 51434 Sid-. 0] ^AHoflAlfe £ 9b ofl 

£44 44 44. ^4 5 44 4Jl7> 2:434 344°ll 43 *M# ^4 44 44 34 43 ill 

4 4^3444. 4 4*14414 ¥ 71)21 XOR ?fl°lH(100. 102)7> #4 24(46) 5 £4ell43(50) 44.2.3.433 
A r «14 4£# ai^s. x)«.Al?lfec-)] A^^tt. ^ 7flfil ^3 4a44 4 3 XOR 7114^(104)3 4342.3. 

4444. *H 3 XOR TflolB (104)21 #3* 4 7flfil t!if A\o)H\ fl^*>ofl Ule|l5>^ AH#4 ^ s. 

* 44 34 43 4^44. ^-71 34 RC «EH 2]^ «E|£|<H fl4*W «l^S>fe DC *§ 

4£» 4^844. 434 43, tf7| 43:4 5iafl7^« 344 3.3. ofll-^oj ^ast}^ 44 5. 

3.a^7}44 3.3 444^(CPLD) £4 4 — = 3.^37*44 7fl4H ^ efl o| (FGPA) 4444. 44 JZ.q 

33 4^3 371 tfjq-M t)14 4* ^AH)7V £ 9 C 011 £AlS]ol ^5. £ 7J-X1 Aljr. A>olfil fl^J. 

4 44 £.433 Al^e^ofl fij«fl ^34 S Ell oli ( trace) fii £ 10°fl £45|«H 44. 34 444 ^ 
ofl 444 4445-3. 34 2 ^ =L = #44444 ^7>* 4 44. 



*)aj. ^^si ^flajoj * <=„ H 4$ fl^s] 4444 3 7lsl ^Ajd) 44 Ajtg^oi^ 444. 

5E4, 44 43 ajtfl ^17> 7 r 44 ^Tflfil 4 43°)1 cflSfl 444 4 444 444. 



£ 3a» 4^44, #47)1 5E4 44*|£43 71*4 t 4 44 44 -E.433 4^(140) o. ^ja Jjn^ig Al^Efl 

(40)°H 444 341^(26) M)2l *Efl«-(24)°fl 4*11 ja^l ^ sa^. 4^, ^-^ 5.^1^ X\*Q (140)* 2>^- £q 
33 Ali*ij (40) o|l 2l«l) ^All n|£f 7)S) *««7l«^s; fl*H tfl* «VA r ^4 ^ oj^. S-S), ^ £.^3 

3 Al&fl(i40)* ^71 #e«^.(24)2l 2t<L3.**) s] ^ 3.^^ (40)4 Tl^ofl/l 71^-^*^ 

>gS>£^ 21*11 ^ ^ S.u|El3 Aliefl (140 ) o. sj.fl. aq^^ Alifl(40)4 *S*H^ 

* *4« ^ 5U4. 



^"Sl- S.qEl^ (140)* (144)4 ^#7l(146)# 2^«"4. 7l^(10)2l ^4 *S-gl. E S. 

«H-f (36)4£iH3]# **l ^!4£l^ % Hl°J(142)# ^a]7J4. olH-l-ol, ^(144)* sfl«l^ 2J ^ ojo.^ ^ 
ol°J(i42)* ^€ 81144 H 1 0 J°J 5U4. 4 eflo]^ uioj( 142 ) o. 7 |4(10) X^i ^^14 ^^^s.^-e1 4* "If- 
£4 zfl44(i44)s.-?-El ^44 t 5i4. £4, ^^(26)4 4£*(36)7} 44^44. 4cfl7l (eai°>^-)7> % 
«l°J2l f-aiflo| $1*1514 ^ ujoj^. #51^01 7^4^ 4^^. 4^ ^tflAi^ ^ oj^ oj^ 0.3. ^ Aji 

fl* ^d*ll ^44 44 4^4 424 44 4^1 A 6,159,0735: ^ 19984 n4 2°J4 #44 44 44 #445: 
09/184,767iL°ll 7l#^l v}s\ Q£ fM}. 



44 ^ 44 4 i 4421 2)a 0 v 7>f- #^5}^ 3-433 Ai^Efloj) fii^ #^slfe mefl 4^(250)2! <$7} je iH) 
£Ais]4 <a4 Be1) 01^(250) 21 4^11 *844 444 44 4 44. 4*1. 44 4(16)* 44 3fl€44 4(1 
4)21 n^is. 44 55 ^71 ^44 7J-44. 434 *4£.s 4«B, 4 444 ^4 44 444 =11 4444. 43 A J 
444 Heflolisi ^(252)«1|4 44444 ^4 4* 44 34434 43^€ ^4 43 4444 47>44. 
4 43 E e1 ] 0 i^oi Y4(254)°114 ^14344 4M7> 444^-S. 444€4. 44 44 44 S elM^l t 
#34 4^)1 4a 4M7r mell4^3 44(256)oll4 4^711 4444. 44 44 44 Befl4^°ll4 4*03.2.3. t# 
34 44 44 ^1144 «D3 4 A 4 i4s 44 4±4 4^4 ^34^ ^14fe Hefloi^oi «.g.( 2 58)«Hl4 44 444 
44. 



5- 3a 5 £ 4* 44 42:44, CMP 4*1(20)4- s4 (42) 5 44(44)4 7|4(10) 4efl<Hl 44 444 4444 
4 4443 4* 34 4#4» £444. ^444, 4 4444 ?1134 «|s.(70)°fl =11444 444 43W 4 



- 11 - 



^-2003-0001529 



t 1 544. #efl^(82)^ tefll-sl -^€4. #efla(82)2l *H 5 f- 1 ! "£(36)°1 7)# 

(10) 4^* f-4sRr ^<?H ^^1(80)S] # *l£f- *rtfSr£4| ^€4. °]*Hr H^, CMP #*lfe ^Hfll:^ ^^*) 



>g-g-2l HSa^ 7}% 3*1* ^^El(90)fe- 4# (eddy current) #4 Al^AS^E) 7 J- E Ajjf. r> <^v £o) a]J:( 
phase shift signal) 4, #4 *1 #5. <J£# (receive) $4. 3.43 «8 4^SM fefll-^ 

44°1 sl*H cfl^fl 7]4 ofefloflAl ^HsM nfl^), ^#21 tf-n * 4^2] t#ofl tfltV ^iLfe ^^(in-si 
tu) M <M ^ 4Wtt(#«WSS| 3]^ ^ ^) 0.5. ^3€4. 7|*<>1 (36. 414 4H*H 1 

33) A cH] *H "I 4)^3(90)^ SLtlE|% 4&fl.2.S.+S| ^1- ^§4°)] rfl^R = 3.n3€ ^ Si*}. #eK'°l 

"I. ^#2] if-n at «.u> £ ^ ^^jl, ahs Aijrfe Ai^Hl nfel- £44. A^ofl 44 34fe -gf- aj^^ e s1 | 0 |>- 
(traces)S. 43* ^£ *m. 3.43*8 34 #4*1 #4^ q<QS) %q 44-g- 

q°.3. 5.444 ^ S}£4 #e]^| ^°fl #3 (92) 4<Hl q^I-elH* ^ 5U4. ^7}, *#s]fe 3*13, Heflo) 
^fe #4-8 ^-8- ^*#4 ^HS 0 jEf ^4^1 *1-§-€ =rH &4. 



44 5L443 4iSl(40) *J #4 S.443 4^3 (140)5.3. ^3*1 Aljr?)- 3^4(90)°ti ^#£)7| nfl-g-o)^ ^7] a 

443 ^ 44 SEfe i^fe °flH£°m 4 01 4-§-« ^ °x^. °13 401 -8-4*11 a A ^ 4S-*\ i 

44# 414 $n 7}n% I*"}?}?} #34 ^S4B 44 4*4 4ir4. 4?1 f- 4^0.5.444 AJJ:^. oflHX°J 

^S] ^Al?l7l 4)0 4°<fl> ^-1- ^ ^^(i* AND 3^r 0R)4 =r 5a^. 7}*^ ^|<H 

Sr ^|7| fcB|ofl tflt> 7)§o.S.fe HL^ ^cflAl, 7l#7l A] 4 £ fe 7l^7lfil ^^1^. 

Hfe °]»^ «a Ai^^j o. q.^. A]^^A. ^ois>7i 4i 01 ^l^s t=£ $a^. °ii# « 

os, «y H jj<a ojiHx°]E v*\7]3.*\ sf-g-t ^£ sa^r. fei^, 1 ■a Ali E 5, i-°i ^ 3. 

ME1% Al^Ejo.s.^El Jfl 1 ^Hi^lE 71^4 ^A|t nfl #Bl*M ^l^m ^ Sa^. <?!!H3L?1E 7}$°} ±%3\ AjTj 

•a^«H]Ai ^-a]s]a| gfecus, #21^* 4^ ^1^^. «D* #<H £Me1^ ^li e J iS4 *H ^ 2 ^££°J£ 7 l§^- 

=11 t sa=r. n^\7\, ^ Ai^Ejoi ^033 Aj.„i^ » tRflt 4-8-s =r£ sz^. i» «<h. 



tu* ^<a^^. CMP ^l(20)fe f^^i* ^3.7} *(|7ls)fe^l- l^sU ^7.}%-°] 
S. <a^l %%t}7] 4101 4^- SM^l^ Al^ e 5(40)3f S.^^ ^li^(140)# 4**=r. ^"^(9 

0)xr <a^l ^ES 0 JE-| ti^l ^l*rfen« 301 ^ ^|<H ^ <?i! = X 0 v]S 

fceji- 41- aj^o)] aj^-^cf. SHI- £Me1^ ai^ejo] ^-^^oi s^^-g-^- i^f- nfl, ^-^ 3.^^ 



?fl^, €-^ofl I999>d 12^ 13^^ #41€ D l^ #41 ^1 09/460,529±°)l 7flA]^ 32^, 

El(90)fe 71^- oj-eflfi] z}-z]-<>1 ^41 = (sweep) °)1^ ^ i^El^ ^l^ e 3(40) 33 (140) *-S.-?-El 

s zj-4«l lit ^21<H1 m$ *l<fl^1 ^ Jg**l* I'StU, fel^' fcl'Jll «^*r7l 4101 4^ 
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3^3(48)fe 7H33 3li=(70)°H 331 71133 ns.2) 33** *\}°]Z\7} 331 ?1133 31H 33 5L3(76)°tl 3*3^. 

33** *)1333 ^H«fl lefll- S)3 3.3(513 ^)ofl 3*333. 133 sfls^ll ^3fe #33 £44 *1 
333 33] *33 £«11 3^(39)°11 3*3 33* *)H3fe tt3 3t l °)1 31* ^rS. 5a3. ^3, 3-£3i 
20003, 7^ 5<IH1 #33 3^ ^-3 #3 3£ *1 09/609,4265- °fl 71133 7433, hVtj igfls. 3.53. ^_ 

=•#3 jjs.*H cflt!- 3iUr ?fle1<H 31h<h] sis)) 3*3 §33 33 =51.33* "33 Sfe 3*3 <^ ^333 331 

^330.3. B)]ifl f-S ^o)7lo)) ^ °)3. oil* S-«H, 3^3fe <as.£<>m 3§3 tfl^. aj-^ « ojofl cfloi)^7> of 

33 3^? a J3 33°fl Cfl«fl 3^33^3* 13^ ^ 33. 3fe *l~¥-*3 333 tfl^ °J«ol .333 ^ 34=. ojcd 
o)l i#3* 3333. 333^ Tj-fofl ig^El^ o^o] *4%.S}o] o^ o] 7]J&S] ^ o|«o)]n> <$<*S\ 33 

* Q±A)%SLSL^, 333 <2)Hr 33 ^Vfil ^ij «J cl^l (dishing)* 3^3 7j 3. 



^e-lf 3 ^f-g- t3 A J*Hr #33 E 1221 51333. J^d. 7 i^.o. »1333 331 3 

1 #34 iE)|33(22aH3 #3333. #33 3# 3-333 AliEfl (40) o)l ^3333. ^33 

«l# 1-3 2000A3 ^3^(14)3 3-?- ufl33#(16) A <H 3* «1) (£3 #2:), *3^ ^3* ^33:* 33.g. af| 

2 134 i 3133 (22b) .5-3. 3*33. 1 *3 A J3 <a = £°JS^ 33" 33 tiin *^3°.SL 143 3313* a 

n t4* T 33. *)) 1 134 i333°ll cfl*V 0)133°] ^e^j 3^jl^ 93rpm3 33*. 3 3psi3 

7)133 5)1 h oj.^_ r) ic- 1010 3I1H1- i^cf. ^1 1 f-^i) iEflol^«HlAi f-el^iol ^lsjf} n)), 3^. it|E^ 

^ a) ^efl (40)^" ei si £3 ^7)] ^ife. 713- A 0 H1 safe ?He)<H 31^(200)3 ^ v ^ ^/Hfe ^H^l 

331 5)l4fl ^= 2]E«« Alie 5 o)l ^ 5^3. ^slAl jjflc Aj-o] oj-^ o. ^s]Al i E | ^i} 7 ] 3^ ££ 

^« ^£ 5U3-. °ls. «l«fl ?fleloi sfl^^ tepj ^£3 «1^^^ Sfe -B-°J3fe ^133 ^113 35-°^^* a. 
A o v t ^ 5a3. ^1 i teRi iE)loiAjo)iAi3 ^elAj ^, cfl^3 ^t!3ji 33 ^H) 3-ft-sRr # 



^ 2 tel^o' ^E)l"l A 3(22b)°ll^ > 713-8- ^1 1 I^J iEl)3^°)1^3 f-el^ 1 ^£iL3 13^ ^£5. #3^33 
°il* «<H, #3^ #£fe 3 2 H13 43 ^ 3 50% M13 75% 3^- 3±33. 13^' 34i333 331, 
71133 3li= 333 3±* ^ 5as. 71133 31-^3 3±« ^ SX3.. #333 ^3 134 1 #33* ii3 

€^d3 -S-3333 331 ^ sai, afe te)li-3 33*3 3±« =r 5a3. il- #3. ?1133 31^s-¥-3 33 
a^3 oj.^ o. ^ 33 o /o vfl^) 50 o /o 7^^^ 5U^-3, tefl3M 33# ^ 71133 31^3 si3*-g- 3 50% 3±« 

5a3. ^1 2 £3*J ^£113^(225)°)! tfltV °)1333 13^' 3^Sfe 43rpm3 #Sim 313#, 3 2psi3 7fl33 31H 

33, ^ IC - 1010 13 A J 3fHf Stt>3. 



Ajs«3 ^.s., 13^7> ^11 2 1-3^ ^M^H 33^- "A, 33^- ojH- #3 3 ioi -§-3. 3^ ^£ ^-g- 33 ^ 
33#, "A* #3 3 P si ^ 93rpm»)13, 333 #3 A J€ ^£ 5a3. " =M» 3^ls 3^]* ^ 5Ufe 333- ^3 §3 

33 33^* -°r333 331 tt% ^^3fe 33 3^#4 ^13333 #eim 33* ^ 7)133 31 
— 333 3 (ramp -up)* il^33 331 33, 



S3-C 1 ^3* ^3 s.33^ 3^ E 3°ll 331 ^1 2 *3^' ^^13^(226)^13 ^3333, #^^3 ^133^ *>•¥■ «fl 
33*3 °D33 «0 2 1-33 ^1)3-53 (22b) °ll 3 t3 A J3 3*133. ^#*3 3± 4^-3 33 3-<Hl 

333, ^#-8- ^11333. ^3 ^33% 3^^€: «)133#3 nfl 3a>^3 3^ ^. 

3£ 33 333 ^J^i3Bl- 133fe3 -H-*33. ^-3. ^1 2 #3-3 ^333°)1 tj* ojHayE^. ^ 
3^33^ 3313 3# £fe 3*33 3^3°fl 331 £333 3^11 33 33# ^3 ^«3«-S. ^33 3t)I3 3 
efls. ^33 °fl 5U3. 3fe «H33 ^#3 £fe 33* 71-S.33 *)1335a** 33M13. 

*3 A o'3 ^1 2 *3^' ^333(22b)°)13 3*J)1 «fl. •*«!■ £33^ 3^ E 5(40) ^-S.-?- 3 3 3-3^ 3^fe 33 
t*3fe «)133#3 333 3*3 A J3fe 3* 3-333 331 33 ^<H13 71133 31= (200)3 33 33 ^/Hfe 3 
3* *1133fe Biim 3^«i 3i E 3°fl ^3 ^ 33. 
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«I| A °\% (barrier layer) °1 t#S]7l *H] # B] ^ (polishing rate) 4 #±*}% ±3.^. A A o' (dishing) ^ -£4] 14 
7} *r 5U4. £t t^K 1 <tfcfl3<>] «}-§- a1£<>1 s^sH, 3<>j!S£<>m ^l^o] ^ §^o] 

*AA\ ^sl^i, #34 °]a}o| ten'* f^l*U 3 feH' ^M^iL o||^* 

# ^4 s-e- #^4 ^ 5 ao.nf > ois.^ ^ss^s 3*hm 

2. *n v €4. aejvh *ll l fel^i itfl^l^ f el -8 *r* *t> fel-S** **ltt£.s*l. 

^r-§-°l ^€4. ^flS-M *flS <jj-s| (carrier head pressure) 0 ) #£Sl?iq. 4# te]*J °fl 7 fl^^7f 

£#S r 7) tfofl, #1- #e]>a (bulk polishing)^ 75%, 80 - 90%?} ££-£4. 



?#*4 *fl 2 fel^J iEflol^(22b)°fl^ U4 *IM 35843. 7|*g- *M<H** *W47) ^sfl 3 t^R 1 iEflo|^ 

(22c) iS. <>1*€4. *fl 2 f el^J ^M^otf tfl^ <4Alajoi x^aj ^TRlg^fe I03rpm4 #efll- 3*J-§r. 4 3psi4 

?fleH #3 *lls, 91 ic- 1010 ifls.* £#*4. -alalia. 71*8- c^dl 9 5 ^ 7 ^ >^(, nltlat 

ion step), mitf 3psi2] v\± #3, 93 ofl^cfl 103rpmS] f-efll- 2]«fl 3. #e]4'€ 3°14. 

gsRl = 3.*flifc 4 3 #2]^ ^3M4i(22c)°lH #4 H.43U *}^$°\] S.^$3L, «1|2H#°| 7]2) n]7]S\ 
<H "y^l ¥°J -fr3*ti ^(dielectric layer)°l 714 nfl *H Tll^r *!*3€4. ^1 1 ^ ^1 2 f-eK' ^Eflol^ofl^fe 

5*1* #33 *«W 4*3te *3. * 3 #BW ielM^Hrr 4^. a>-§.£4. 



^3*4 teR'4^ 4# »8-«o] £ 13°fl #3.-f*m S3 3. £a)sH 544. 4 u o v, S£ £ 12°fl 5.*] 

€ "o^4 -fr444. asm, teU 1 ^4 ±Q f-el^i £^7 r ^1 1 #el^J ^]ol>a(22a) 0 )l^ 
^r. "llel'H^fil ^lTlfe ^ 2 te]>a i6M-g(22b)*W ^r^Sl^. i E l (buffing step) ^f 1 ♦^-S 
22c)<>lH ^S^A. 



QrW #21-9 A)^ e 3°11^ 2Hf (eddy current) ^ S.^^ 4-§-« 5icf. f e)^^4 7]Q *}°]<i*\ 

W *ti**r£^- lB)^ 2fl^ £fe ^flel«H «0S. ^ o)H «r4. HL^ oil- £^7j- o]^^ ^ |e).J 

1-efl*, #el4 3MH-<a #e) ?i^€ £^ iH'fl Ji^€ ^i^(E^ c}§ afls 

°J ^ Sic}. §e|aj nfls.^- #efl^ >S-o{| ji^£|^ui-, teli, 1 ^ i-efl-i- flS ^^l5M>4. £^ f 

Bl A o' #efl^ ^S. t 1 * 1 ^ sa^. fsl^J f-efl^-o)] ^ °l7li4, a 

#^-8 #2fl*4 a||=. -frail ^1^1 (fluid bearing)7 r &m <r 5U^. sflSfe (0) 

?icfl, ^7>7fl7> $X^A tel^-eflE}-) B-iH HflS(rough pad), ill s|)S(soft pad), £fe - sflS 

(fixed -abrasive pad) °i 544. 7HM ^-f ^-^S]^ #5L, #e)^^ £fe tal^S)^ Sf-S- 7]#(7llsH *flS 
i Sl«S £fe 7fle]<H «H= S(ol)o] ^7flS>^ ^Efl^^ M ^ 71 (oscillator)^ ^f- ^4^7} ^^S. S^(tunn 
ing)* ^ Sfe 4± 4# 7|§^ £-§-€4. 



i^El^ ^li 6 J(140)-°r. vflofl ^jo.S. -8*«rSa^^. Sr-ff Ali^( 40 )4fe. ^©1 

tfl«= ^<H) 31*1* ^ Si^A-], oji-o] 2 tfls. 71* ^ 5U4. 



£ 14# % V 2:5}^, 4^" ^Alo)]o)l floH, ^1 1 S-el^J ^Eflo]^^ HSl-ol i^El^ ^ ^Ej (40 ) ^ i^^a, ^§1 

aqel^ ifl-^] ^fect. o) ^ s||sfil 4J|il(36')-& ^cf. ae-14. ^^(36')°1 

gf-a- 5J°1 -frelt #=1^ ^S (30)7l27ll #21 aUSEl-H 7>^^, (backing layer; 32')2l °J 

-¥-§-(33 , )# ^71^-o.S.^ aflS ^^(36')°1 £ 15a°11 £*1£ 44- ^°1 t 1 ^! 5U4. ifllUS, 5. 15b<Hl £ 
*1€ 44 ^°1, 3711^(34" )4 a))^^(32" )Sl °J^(33" ) -2.= * W ^S.^ . tt£ aflS 4^(36" ) 
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°1 <r 5a<4. a*eH. ^Hfe q#(36" ) ^flsl i27ll#(34" )S] «>^« iM -2.-^* t^I* 

£ 3flH ^(36)°) 4 s 5fl4. #el A J »fls.7> a ^v+, gife sf^ >WM * r 7| 

**M0(2 °JS]2] £3 £fe £3"¥-# *M S^cf. 

°l. £ ^3 cfoj:^. o^o] o^s] *}-§-£4. £<y a<y ^^H, * y||s|X|Eit (sense capacitor) (£ 

4# d-M 3.^7} a<y<H) "SlsH 

*i^-*m ^Hi» *«n £ n-^-i- ^«a«rsicr. -a*HH 

(57) St 1 ^ 

1. 

^7| s^sl ^ i^ f-*H 7j-7l?l 4 i2<H*h 
-4M 3^ si 4 2 *# leH #3*! *l 2 2<H»h 

^7l X|l 23«M ^7l^j 2.3. ?l*H3*h 

#3 -tlS* tf^SJ* ^7] *fl 22^2f ^7) *R 4*13*11 #7)q 0_S. i^*>fe 

^ lM sa^^-i ^7] s<H7> ^7fl2l ssasf ^v 7 ) ^ 71) fi] Hsa a>o1^ ^1. 

^T 1 * 5. 

^ 4*^ Sl^^i. ^7i ^| i2«yoi #7l 1-elHl 7^t^^u ^7l ^ is-yo) ^ 7 l ^ 7fl2] £ij ^ ^<h £ ^q. 
tefl°ll #7}*| at iflA^. 
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* 1*41 A^H. *?1 afl 2^1sf ^"71 ?flnl)A]Ei7l- qmX] <3lsl<H *H. 
3^* 7. 

*fl 7*41 Sl°H, *?1 fel^) sfl = 7f ^f^4 JE*sM. *?1 2^41 <y*]$ s^s] %o]sl 

41 5ttfe 4H. 

3)7*9. 

Til 1*41 5iI°H, *?1 #3 -tlJi* 3*3* 3 i^SHr 4*1. 

37* 10. 

*?1 7)^- £££41 *7l $3)4 b))H2] *| 2^f3*4l 3*1*!3£ *K Sl^E)**, 2UMH 

JL J2«i *M*£ tHM^ #7) *>>4 °1*S] °1^E^] x} 7 13 SL5. 1*£ 5.-aeflo]Ei2]- Aj 7 ] o^o] ojc^ofl 

S. s>44] ;a*€ sell- £**!-& *W fcej>g ^1. 
37* 11. 

4 io*4l SH*!. *7] #s]a o i Bflc* ^1^1^ #eim-fr c-1 i*sRr ** y\n **1. 
37* 12. 

*)] 11*41 floW. *7l *>4 o]^Sj 9jejE]7> a^ 7 ) l-efll-Sl a^o] gH^^H *|*|<g$5W $* 7}A) « 

eK' **1. 
37* 13. 

*il 11*41 Sa<H-M, a o V 7) f-Efll-ol Sl^Sj-fe tfW 7]7fl fe^Aj 
37* 14. 

*il 13*4| Sa«H^. *7l #efl^-2l ^All- l^SHr 4H*h *7] Sl-14 o]A o VS] °]ejEl7f A o V 7] 7)^.e| 

71] ^A)4Wa A^ 7 ) ^g^E] CiMEit- 4*%*Hr Ci ** 7] Til #3)^} *^1. 
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St 1 * 15. 

* 10*M 5fl°W. #7l $M)±7\ #?1 feH 1 3fli=2l *fl 2^^} *«SW safe m 7]7i) #*1. 
St 7 -* 16. 

Jfl 151H1 sa°H, #7l »2j# aflH7>>a-7l #31-8 all if3#2l ?1«1f^ #?1 f-epj Dfltqsl 7fl 2^"3#2l 

3Lt*H, #7l 5l^)li7> #7l Hfl^#£l *J*£* 317^.51*) oj- ^ 7]$} feRl #*1 

S^* 17. 

^1 I5#°fl sa<>H, #7l aja^7> #7l i-eRi 3))s.qH #7] el^)^o)i o]*] SW ^^i^jy^ ^ 7 fl2l q-§- 3. 

<H# £**M. #71 S>14 °|#Sl ^1^}E17> #71 SolSl 4 f-eflofl #7^ &fe 7)31 «e)^ #*1. 

St 1 * 18. 

*fl KHM sa^H, #71 sw- ®*\7\ a<H» i^-*H, #71 *m clival aj'Wl- #7l 20)2) 4| f-eHl 7j-7} 
?! *fl l^l^^sf #71 a<H2i ^1 f-elHl 7^7)3 afl 2 <?]eiEi» s^Vfe ** 71711 #*1. 

St 7 "* 19. 

7fl 18#°)1 5U°1-H. #71 £#efl°)ei7f #7l a)] laoHs) h^- #7l afl is.<£«\) ^71 aj o.s l^-sl 

<H Safe #* 71 Til fsR 1 #*1. 

St 7 -* 20. 

Tfl 19*«*l 5ti°H, #7) ?D^|AlEl7> #71 4 23.°i°\) #7)3 SL3. 3*£H Safe S** 7^1 #e]# #*1. 

St 1 -* 21. 

711 10#°)1 Sa<H^1, #71 ^#5fl°]E-l7> #71 7l#o] ^V7l 2 <>H SM: «fl ^ 7|1^£3- ^ 

B^S. ^ tfft* *5L*Hr S** 71711 fel^l #*1. 
St 7 * 22. 

Til 2i#^i sa<>H, #7i sHf-s^Ei #3 tj^s ^Ai§}^ 4ei°ie c-i i#sH. #7i 3 

# ^l^ E 5°l, #7l m Us.?} &7l^4 £4*^ f-eH 1 ^!£I°JBt ^lis. <k v sl£^ ^#sH safe $«)■ 
71711 leK> #*). 

St 1 * 23. 

#3 7l#lflSl £#*2l 5.^3 3 *Hr #"giLiM, 

ten 1 ^21 Tfl l^SiH 7l^# *H*l>gSs1-fe £7i|2}, 

#71 71^-Sl ^^ol] SU^r #71 #Bl^ 0 ) ^Sl Til 2^#o)l Sl^l^^^ ^^ElS-^-Ei, #7l £##lflSl Sf^» ^£51" 
£^ #71 #el# <3#5>^ 7>7l#-i; ^TflSl-, 

#71 £#^ei ^Tiisi £SH sisfl #7l a«l t.}71#2] ^#s}fe ^tih- a#s>^ #fj. 
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31 t 1 * 24. 

4 23*41 #44, *7i *«HH3.-¥-iH 47l*-§- ^AA 4 i^BHr4H .sl^MeI* 7 r 4 is<y# 

^*Hr £31* sfl-^fe *H. 

37*25. 

* 24*4] 5i*H, *?1 ^ l^sMMr *7] 7]*oj *7l 471*41 **«W ** «fl *«a. 
37*26. 

4 24**41 SH*!. *7] <5Ha 44*2] ^SH- 3#sRr cf?i)7> 4 23*3. *4 jaifl 44*-§- #4*Hr £7)11- X* 

37* 27. 

^1 26*41 XH4, *7l 22«a<>) ?WAiEisf jg4«>7fl ^s\^ *>g. 
37* 28. 

* 26*41 *7l *il 12**1 *7) 24s] 4 i-bHI 44*1 a. *7] *)1 ia^oi #7] aojs] *fl 2 -¥-& # 
eW 444£- ** 

37* 29. 

*)1 23*4] Sa«H A 1. *4 **^7> #71 7]441 ol^t *3*fe ***■ Ci £**fe *>*. 

37*30. 

*f| 23*^1 5U«H>H. *7l °J^ElS.^-E-l Ht*l ^71** ***fc £7}|7 r °JeHH» 7**fc £7fl-t i**jl, 

*7i stf 44*sl gs}-# £3171- #7i h$ ^7l*o.a^ei *fl **|* £**£• ** 

37* 31. 

* 30*4] £44, *7i 4 n%<>\ *** *3*Hr £*i* n\ s**h=- **. 

37* 32. 

30*41 5i44, #7] l4£4.#7l 24£ fl* 4*1 (phase difference) 21 **«rfe *Jfl* 

ci £**fc *«. 

37*33. 

si* 7l7il fel-y ^^6.3.^ , 

#Bj<S £2] 4 1^£#41 £4#-§r 714 71** fl*l***fe £7)14, 

£^ *7l f-el^j g-g. f-sflAi *44*>fe a«! 47]*§- *<fl*te £7114. 
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£3f-§- fel^*>£^ ^71 71^3)- #7] f eRi ^Afois) tftflaj a-S* #7j|sf, 

^7| a]~ff-7> 7]§-§- L+E^ Hi) #B)4* f^fe £7)1* Xt^fe 

37^34. 

*1 33*J-«H1 Sl<H-H. $7] SflHStm 7]§o| 2:71st f-4*Hr #7) Sffl- Ajjrf. i^sffe 

3^35. 

* 33^1 5U<H>H. W «s.i*l5 7|§o] av 7] ^ ajj^ jgjgs>7)| 5}^ afM-fe U-fj. 

36. 

l-el^) <3-§- 7^ BflHfi)-. 

^71 #eK' >Sofl cflsflAi 7l^# -fWHr 7fle]<Hsf, 

#7} f-eRi sflHfif ?llel<H = tftflajt! S.^* *<«*M flaiH f-EH 1 sfl^sl- # 7 1 tJbW aflc^ *h 

£. «>M- o]^ofl 1^ 3-Z\Sl, 

*W °l A o V Sl Sl^Ef^. ^71 Sl-M- ol^VSl «y^E^lflfil -ffH*U 3Hg 7j-7l ^-g- ^Sj-E^ ^71 «m o)^S] o] 

Sj-olf. a>71 Aj-71 #*1 SjsoU Zj^-g °^o V «1 a SIS.* i^t^ "11 SME^ *1 

^«§-§- aw 7H| te)>s #*i. 

37^37. 

*)1 36tf<* sa°W. ^7} ^l^Elsf i-aej|olEls^.El iffr a>oj^ ^ j ^ ^ 2 ^4 ai ± (square . wave si 

gnals)S. S}>4 0)^9] 4 c-1 i#«Kr $n 7)n #*1. 

3^38. 

4 37**0 5U°H. §}>4 «>1tffij *l 17flolE 7 > XOR7)|o1eo] j^tj. 7)7j ] 
3^39. 

*)1 371W 5fl°W. 3 u ^3l- ^±1- *M8*>£J* 4 4 ±4 ^1 2*^4 -tls:* uliaeffe- «la7l» d 

^ 71711 #e)>8 ^1. 

^t 1 ^ 40. 

11 39*°)1 Sa°H. ^71 H12717V X0R7fl°m-y 71 70 tBl'S) ^^1. 
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41. 

4 39*<H1 Xl°H. #7] *ll 3^31» #?1 *1] 1^4 *ll 2 u o V ^3f ^S. *\°)2) 3# ^ojo)] njBii^ ^s-g. 7^]^ a-JsL 
36*41 aI<>H. #?1 $1# 0)51 SliLfe #7] fl# 7}o|i HlBfl^fe *El 4°)tS. ^1JL» ^ 7l7)| «e] 

-8 #*1. 

3 ^43. 

m m tei-s #<a 7i##si t^si ^n* acm^fe h^as-m. 

#71 H«l 7M#-g- #71 *M#-& 7>a?l^ *| 2#£# *<fl*|-fc fc^. 

#71 l all 2 *li*M3 fl# *H* 7J^5>£S. q 7 \ 4 2#Sl- t3lHs>^ #7)11- it*Hr #>3. 

«T l *44. 

«W 7l7)| f-eH' #*l5LAi, 
#z1# 

#71 m|Hsl i^ofl tn«|^ 71 *t -ff*l*Rr ?l)el<Hsl., 

#71 7l#°fl <>]3*IH S«} 47l#* g^S* fl*l£3« ^l^ e S4, 

#71 71^-o.s.^-eI #71 ^hjsi 3#sKr #sj- aqel^ Ali^^, 

#71 <4# S^BlS A^E^ A o V 7 ] %q Al^Ej Aljr^. ^#*}fe ^<H7|^-, 

#71 fel4 SflcSJ. ?fle1 ol «flj=Aj.0lSl #tfl^Ol jz.^^. ^ S >7l ^SflA-l Aj-71 #ElAj ^HSf #71 ?fl 2] Oj SjEf ^<H 

£ sfM- °l#°fl iEH- *tf*Hr 7l7fl §e|Aj ^1. 
3W45. 

*fl 44#<Hl jtt©W. #71 SB?- 5L^m Al^^ol Aj-71 nV££oj §e jAj j^c o] *)] 2^£#41 

$]e|«H# ^ 7] Til #eH #*1. 

^t 1 ^- 46. 

4 451H1 sa°H. a o v 7) oiejE| 7 |. a}. 7 | §2 ^ o i nflc oveflsi f-efli-ifls] ?]]h1e|u|H 3*1^sH $y 7 ]tf 

4 #*1. 

37^47. 

44#°11 Sl^H, #71 #«1- 2.qel% Al^ol #71 71^21 <££%8] f-sl^J BflHfil Tfl 2^^#°11 ^a)^^^ 
7lSf ^# fi^fe- ^€1 7l7|] f e]Aj #^1. 
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48. 

n ?\ a ten #*i. 

37*49. 

71 7)1 #34 #*1. 
37* 50. 

* 481M1 SZ<H^i, #7l SB?- J2.qe^ AliSH #7] 4 i?mn% 43- #7l f-efll-ifls] ^1 2?««1e1iJW 3*1^3 
^l^Ei* i**Kr *W 7l Til 

51. 

37* 52. 

* 44*41 5a«H-H. *7l sl^eI^ aJ^^ ^ je.lhh«8 £ av 7 ] 7}$^ f-li* WW fl 

*1# J2.MEl^*}H^ 3*1*W<>1 ** 7l7)| $34 3*1. 
37* 53. 

* 44*41 sa°W. *7l ^|<H7|7> Aj^uq. 4>7i S-M^^ °Ms.tt M-fr A Jii£ 

7l^# ^#s}s.^- «§*£H Slfe *)•* 71 ?l| fs^i 

37*54. 

** 7|7fl fel^i ijnais-H, 

#E]Aj ^21 ^ 1^-3*41 7l«-# ^liWHr ^Tflfil-, 

*7| 7}#% tBl^l^SS. 71^.4 ^7} ^AVolS] tfiflaj ^.g. o^fc ^TflS)-, 

4* J2.q3% AjiEj^^tL^ jaI^ fl^fe cfTflSf, 
*^ SM*W Al^ej afl 2Aji» tMWfe tf**h 

SflSitlB 7l§# 4l«H ^7] 4 1 $ 4 2*J£» SHjEWHr £?l]f- £*§Hr •Jj-'fl. 
37* 55. 

*fi 54*41 Sl<=H>H. -aSS^H 7l^o| a^ 7 | 41^4 2 AliL <9*HH #34* f^Hr ^7fl» c-i a 

37*56. 
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^t 1 * 57. 

*1) 54*J-°fl 5U°H. A oM £tf*H. ^7] ^"Tilfe ^71 ^##o) 433 if*|jofl nl)^) 

AliL» SmtH^ir #7i|» Z%i\x= 

7l*tf°0 717)1 

*ll lf-eR' ^£5. 7l#-§- *j| ifel-a *fl ltepj &*W<a«H fe|>8fj-fe £7i|s)-, 

#7] SHf JJL^El^ A)iEjo| t ^ 7 ] ^^2^ o^l^^J ^^|7> #7l 7)^0,] tfo> o} fe 7j-§. oj.^ q ^ 2f . 

^ iMd^ aI^eJo], ^ 7 j 4 10 VEfl^ol ajojH ^&q°_3- afl ^sH 1 * ^x}*}^ <27l)# 

^^59. 

3^ 60. 
37^61. 

^^■^ 62. 

^1 60*J-°11 Sl<HAi $7} 4 ^7| ^ 2^efl#°) Tis] ^SH^ nfl^H 

63. 
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31 58*<H 5U*H. *7) A 2#bW ^M^H^l teH 1 * $7) 3] ttsW^ "S^H A^ 

^t 1 * 64. 

A 58*cH ^<H^1, *7] 31 2t£l A J iElM^HS] 7]#-g- lEH'SRr ^7j]7f^7l 3l 21^ itflo]^^Al2l 

3)7* 65. 

7)^<H1 ^f^# $* 7) 7i| #«WRr "o^iLiM. 

31 ^r£3. 7]## 31 i#eH' ^0.5. 31 ltB^J ^e|M4H*1 lel^ism #314. 

*7l »| i#el-S iElM^°)Wsl f-e^-g- S)-^ sm^q Ali<a°.3. aMiWRr £7114, 

SHf S.ME|% *1^ E ,M, ^71 ^#2] <41^€ ^^7> #71 7l^V<H) tfol o} fe ^ nfl >£ 7 ] ^ jSg^l ^ 

eIM^Hs] ^7] teH' #^*rfe ^7Jls+. 

^7] %n £ME1% Ai^e^o], io>e))#o) qo]s. ^gqsLS. t#s>fe 53* <k v el A f-eH-fr f^lsRr £7)1* 
«Br *«a. 

37* 66. 

31 65*41 5a°H, *?1 3] ioiefl#o] HflsH^oj 
37*67. 

X) 65*41 XH^. *7] 7l^# ^1 2tej^ ±no]^±s. °1**IH ^>7l 7l#-§- 31 2f-5H' ?!«s f-eWKr £31* 
Dl £**£■ *H. 

37*68. 

31 67*41 5U<>H, *?1 31 2#2l^! iEfl°l^«Hl^fil #al-8* 31 2** 2.^^ -Mi S9 S-ulE^sKr ^t11<4.^ 
7| 31 2%nS-^\*]% *\^°], *7l 31 2°Vel)* 0 l *)°]5L ^q±3. i#*Hr £2] afl #21^* f*I*rfe £7)1 

37*69. 

A 68*41 50.<>H, *7l 7l#-|- 31 3&Z)-$ ±A°)&<>-2. ^7] 7]#% u\ % £ (buffing surface) SL3. 

^ £31 -t oi *«. 

37* 70. 

31 65*41 floH. *?1 31 212R 1 ^Eflol-a^l^sl f-el^i* #7j 31 1<>}A%- 0 ) Ti^l &#*1 i^sM^ «4*M 31^ 
^^*71. 
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7l##°ll m An liWHr #3 ^-H. 

A A%% #ej#«frfe ^fil-. 

2^ SL^E^ #71 c^g ^^]7> #7l 7l^#ofl tfof SU^r £3 nfl # 7 ) f 

few* ^1^ e Jas s.^iH<3*B=- ^14. 

#7i #«[ ^«iH, ^efl#°l *M5L *f-£q£L3. *#*l-fe 53* ° a v Bl "11 te|#-§- £31* 

1 
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